methanol solvent could cause some inactivation of the acrylic
acid, thereby depleting the effective polymerization concen-
tration of this monomer.

The feed ratio of the copolymerization affects the incor-
poration of SO into the copolymer very slightly. For a feed
ratio variation factor of 5, the copolymer composition in-
creased by a factor of 1.4 with respect to SO, (Table 4).

We suggest that the copolymerization reaction between
acrylic acid and sulphur dioxide is somewhat different from
the vinylic copolymerization reaction.

To test whether any adverse side reactions may be com-
plicating the copolymerization, the components in a solution
polymerization were mixed in various sequences. The re-
sults indicate that sequence has no influence essentially on
SO, incorporation.

A more detailed investigation must be carried out to ob-
tain a better understanding of this system. Studies are
continuing.
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Preparation and application of functional polymers. Preparation of carbodiimides,
ketenimines and imidoyl bromides using a poly(styryl diphenylphosphine dibromide)
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The utilization of insoluble functionalized polymers was
first developed by Merrifield for polypeptide synthesis'.
After the successful application of solid phase peptide syn-
thesis was reported, the synthesis and utilization of insoluble
functionalized polymers as reagents and catalysts in other
organic synthesis wide application® .

Because of the advantages of using insoluble resins,
polymer-supported organophosphorous reagents were used
recently in the preparation of polymeric Wittig reagents® %,
Treating cross-linked polymeric triarylphosphines with alkyl
halides gave polymeric phosphonium salts which, after
treatment with strong base, reacted with carbonyl com-
pounds to form various olefins. The olefins were separated
from the cross-linked polymeric triarylphosphine oxide by
simple filtration, thus removing the main problem of Wittig
reactions.

However, polymeric trisubstituted phosphines were also
used in the preparation of various transition metal
catalysts® '? and in the preparation of polymeric trisub-

0032--3861/80/030255—03502.00
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stituted phosphine dihalides'>'*. Moreover, the polymeric
triarylphosphine —carbon tetrachloride system was used as a
mild and efficient reagent for conversion of alcohols or
carboxylic acids to the corresponding alkyl chlorides or:
acid chlorides'>~*®. This technique removes the difficulty
of separation by column chromatography which is not pos-
sible with acid chlorides. In addition, since the conditions
are essentially neutral i.e. no HCl is evolved, the system is
convenient for substrates which are sensitive to the presence
of HCL

In this communication, we report the synthesis and suc-
cessful application of 2% cross-linked poly(styryl diphenyl-
phosphine dibromide) (IV) for the preparation of carbodi-
imides, ketenimines and imidoyl bromides.

Polymeric phosphine resin (III) was prepared by bromina-
ting 2% cross-linked polystyrene (I), then treating the bromi-
nated product (II) with lithium diphenylphosphine'®. The
resulting polymeric phosphine resins (III) were treated with
bromine to give the polymeric reagent (IV):
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Treatment of polymeric phosphine dibromide resins (IV)
with N,N'-disubstituted urea and thiourea in the presence of
a base e.g. triethylamine, gave the corresponding carbodi-
imide, which was easily separated from the polymeric by-
product (V) by simple filtration. Some carbodiimides pre-
pared by using the polymeric reagent (IV) are summarized in
Table 1.

Ph X
1 i 2Et.N
P—Br" Br't R—NH—C—NH—R'— » R—N=C=N—R'
Le X (v1)
[
x=0, ®—<O)—P(Phl,+ 261 ,NH* B
@

Similarly, treatment of the resin (IV) with N,N'-disub-
stituted amides containing a—H gave ketenimines, as illus-
trated in Table 2.

e}
]
RyCH—C—NH—R' g
~C= Ph
R 2c C=N— R+ (Ph),
(¥
.—.—A’—Brer
Ph—C-NH-Ph
\-——————Ph—c-N—Pm P(Ph)2

EtsN

+2 EtaNH Br-

+ EtyNH? Br

Moreover, on treating the dibromide resin (IV) with
N-phenyl-benzamide, which contains no a-H, N-phenyl-
benzimidoyl bromide (VIII) was synthesized.

In addition to the advantages of this polymeric reagent
(easy separation of products by simple filtration, purity of
products and mildness of reaction), the recovered polymeric
phosphine oxide (V) is reconverted to the reactive polymer
(IIT1) by reduction with trichlorosilane®*#!” and reused in
further applications. (We have used recovered resins (IV) in
the conversion of diphenylurea-to diphenylcarbediimide
(VIa) with 81% yield. This indicates that the reagent has
lost some of its activity).

Experimental

General. N.m.r. spectra were recorded on a Bruker WH 90
spectrometer, and mass spectra on a AEJ-MS 50-DS 50 mass
spectrometry unit.
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The 2% cross-linked polystyrene resins were washed with
IN HCI, IN NaOH, H;0, methanol and ether, and dried, in
order to remove surface impurities. Chlorodiphenylphosphine
and solvents were distilled before use,

Preparation of poly(styryl diphenylphosphine dibromide)
Poly(bromostyrene) (II). 100 g (0.63 mol) of bromine were
added dropwise, in the dark, to a stirred mixture of 52 g
(0.5 mol) of a washed 2% cross-linked polystyrene (I) and
34 g (0.5 mol) of BF3 in 300 ml carbon tetrachloride, at a
rate such that the reaction temperature did not exceed
25°C. After the complete addition of bromine, the mixture
was stirred for 20 h at room temperature. The brominated
beads were filtered, washed with CCly, acetone, and then
with benzene until no brown filtrate was obtained. The yield
of the dried resins was 92.5 g (anal. found: Br, 41.5).

Poly(styryl diphenylphosphine) (III). Lithium metal (3.5 g;
0.5 mol) was added to a solution of 25 g (0.11 mol) chloro-
diphenylphosphine in 300 ml tetrahydrofuran under a stream
of nitrogen. The mixture was stirred for 5 h at reflux tem-
perature and then the excess pieces of lithium were care-
fully removed under nitrogen. 18.5 g (0.1 mol)
poly(bromostyrene) (II) were added to this mixture under

a nitrogen stream and the system was stirred at room tem-
perature for 3 h. After stirring for 2 h at reflux temperature,
the reaction mixture was cooled, hydrolysed with
methanol—-water and filtered. The filtered beads were
washed with water, methanol, benzene and methylene
chloride and dried in vacuo to give 25 g of resin (III).

Poly(styryl diphenyl phosphine dibromide) (IV). 24 g
(0.15 mol) bromine were added dropwise under external
cooling, (0—5°C) to a stirred suspension of 29 g (0.1 mol)
poly(styryl diphenyl phosphine) (IIT) in 200 ml benzene.
The mixture was stirred for 6 h at room temperature,
filtered and then washed with benzene. The dried resins
gave 44 g of (IV).

General procedure for preparation of carbodiimides.
Triethylamine (10 g; 0.1 mol) was added dropwise to a
stirred suspension of 22.5 g (0.05 mol) poly(styryl dipheny!

Table 1 Carbodiimides, R—N=C=N-R’, from urea and thiourea
derivatives, R—NH—-C=X+-NH-R’
Yield

Compound X R R’ (%) Boiling point
(Via) O Ph Ph 92  180-183°C/10 mm

S Ph Ph 88  (ref. 7:163—165°C/11 mm)
(Vib) O Ph C¢Hiy 85  167-169°C/10 mm

(ref. 7: 169—172°C/13 mm}

{(Vie) O CgHyy CegHyy 76 1564—155°C/10 mm

(ref. 7:158—160°C/12 mm)

Table 2 Ketenimines, RoC=C=N—R’, from amides, R,CH—C=0
R3CH—C=0-NH-R’

Compound R R’ Yield {%) Temperature data
(Viia) Ph  Ph 90 M.p. 55—56°C
{ref. 8:54—56°C)
(Vilb) Me Ph 70 B.p. 95—96°C/10mm:
(ref. 8:08—100°C/12 mm)
(Viic) Ph  nBu 89 B.p. 120—122°C/0.056 mm

(ref. 9:137—138°C/0.1 mm)




phosphine dibromide) (IV) in 200 ml benzene. The reaction
mixture was stirred for 1 h at room temperature and a urea
(or thiourea) derivative (0.05 mol) was added in small
portions. The system was refluxed for 2 h, cooled to room
temperature and then filtered. The resins were washed with
benzene and the combined filtrate was concentrated to give
the corresponding carbodiimide (Vla—c; see Table 1). The
carbodiimides were identified by 'H n.m.r. and i.r. spectro-
scopy, and their boiling points.

General procedure for preparation of ketenimines. A mix-
ture of 22.5 g (0.05 mol) (IV) and 10.1 g (0.1 mol) triethyl-
amine in 200 ml benzene was stirred at room temperature for
30 min and then 0.5 mol of N-monosubstituted amide deriva-
tive in 100 ml benzene was added dropwise at room tempe-
rature. After complete addition, the system was refluxed
with stirring for 2 h and the product filtered off. By-product
resins were washed with ether, and the combined filtrate
was distilled to give the ketenimine (VIla—c, Table 2).

Preparation of N-phenylbenzimidoyl bromide.
N-phenylbenzamide (9.85 g, 0.05 mol) was added to a stirred
mixture of 22.5 g (0.05 mol) (IV) and 5 g (0.05 mol) tri-
ethylamine in 200 ml benzene. The reaction mixture was
stirred for 5 h and filtered. The polymeric beads were
washed with ether. The combined filtrate was concentrated
and the residue was recrystallized to give 11.5 g (88%) of

N-phenylbenzimidoyl bromide (VIII) with m.p. 40°C (ref. 22):

m.p. 40—42°C, b.p. 150—-160°C/0.005 mm).

Regeneration of poly(styryl diphenyl phosphine) (111).
A solution of trichlorosilane (7.5 g; 0.055 motl) in 50 ml ben-
zene was added to a stirred suspension of 15.2 g (0.05 mol)
poly(styryl dipheny! phosphine oxide) (V) in 50 ml benzene.
6 £ (0.055 mol) triethylamine were added to this mixture
and the system was stirred for 10 h under reflux. The beads
were filtered and washed successively with benzene and

Polymer communications

tetrahydrofuran. The resins were then treated with concen-
trated NaOH and washed. The dried resins were treated
with bromine and reused in the same reactions.
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